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In 1990, the National Oceanic and Atmospheric
Administation’s National Status and Trends Program
initinted a study of artificial radionuclides (**'Am,
I:!-Hllpn‘ mpm “"Cs, “'"'Ag. lls‘r, “Zn, ch‘ ll'l-d
**Co) in oysters and mussels collected along the coastal
US. The results of this study show that activation
products '"YAg, ®Zn, “Co and **Co are sometimes
present close to nuclear facilities, In addition, based on
# nonparametric Kruskal-Wallis statistical test, it

that **'Am and "*"Cs concentrations as well as
MiAm/B9034py  gnd WICe/K  getivity ratios are
highest along the West Coast of the US. For »*Py,
H9T340py, and *'Sr activities and the other ratios, the
differences observed in the distribution of the radio-
nuclides between the various coasts are not statistically
significant. There is also a statistical difference between
the values of the ***34'Py/*Sr ratio in oysters vs
mussels collected along the East Coast and of the
HIAm/I9+ 40Py ratio between two species of mussels
collected along the West Coast. Finally, when the
NOAA results for *'Am, 2“2y and (s are
compared with those of an earlier (1976-1978)
Mussel Watch Program sponsored by the Environ-
mental Protection Agency, the statistical Sign Test
generally shows a significant decrease in the con-
ul;’mﬂuns between the mid-1970s and the early
1990s.

The National Oceanic and Atmospheric Administra-
uons (NOAA's) National Status and Trends Program
(NS&T) was initiated in 1984 to monitor the environ-
mental quality of US coastal and estuarine areas. The
programme includes two main monitoring projects: the
National Benthic Surveillance Project, initiated in 1984,
which collects and analyses sediments and bottom fish
from 149 sites; and the Mussel Waich Project (MWP),
initiated in 1986, which collects and analyses bivalves
(mussels and oysters) and sediments from over
250 sites, Until 1990, each site was sampled and
collected material analysed on a yearly basis for 14

elements (major and trace elements) and 70 organic
contaminants (polyaromatic hvdrocarbons, polychlorin-
ated biphenyl congeners, pestcides, and butyltins).

Because bivalves concentrate contaminants while
filtering surrounding waters, these organisms are useful
indicators of changes occurring in the chemistry of their
environment. While their response to chemical changes
in their surroundings may be detectable within a marter
of days, depending on the species and on the contamin-
ant, approximately 4-24 weeks are required for the
bivalves to equilibrate with their environment (Roesijadi
et al, 1984; Sericano, 1993).

In 1990, bivalves were collected at 36 sites (Fig. 1)
and analysed for the radionuclides: *!Am, *3%+340py,
:IH:EPU_. lJ'.I'Cs, IIIJA!‘. MSn “ZrL ﬁncn' ’“‘Cn. *“K, and ?Bc.
Most of these 36 samples were obtained from MWP
sites and the remaining samples were collected in the
vicinity of nuclear facilities or known radioactive
dumping sites, Three mollusc species were collected for
this project: Myilus edulis species complex along the
North Atlantic and Pacific coasts; Myilus californianus,
generally found in high-energy environments on the
Pacific Coast; and Crassostrea virginica, collected along
the Atlantic shore from Delaware Bay to Florida and
along the Gulf of Mexico coast (Table 1),

Between 1976 and 1978, the Environmental Protec-
tion Agency (EPA) conducted a Mussel Watch Program
(MWP70s) that measured transuranic elements, poly-
aromatic hydrocarbons, polychlorinated biphenyls,
chlorinated pesticides, and trace metals in bivalves
collected around the country (Farrington, 1983;
Farrington er al, 1983; Goldberg et al, 1978, 1983;
Palmieri er af, 1984). Thirty of the 36 sites sampled in
1990 are close to sites sampled in the 1970s. 1t is then
possible to compare the results from the two sampling
times for those sites. Comparisons were possible for the
four radionuclides measured by both programmes (i.e.
241 Am, zlud-imPu. 1};51:“' and lncs}

The first test of a nuclear weapon occurred in July
1945 at Alamogordo (NM, USA). Following the atomic
bombings of Nagasaki and Hiroshima in August of
1945, several US nuclear devices were detonated on
islands of the Pacific Ocean and al the Nevada Test Site
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Fig. 1 Map showing the location of the NS&T sites where bivalves
were collected for the NOAA NS&T Radionuclide Project

TABLE 1
Location of the NS&T sites.
Site no, Main location, specific location (acromym) State Species
East Coasr
1* Merriconeag Sound, Stover Point (MSSP) ME Mytilus eduliz
% Baoston Harbor, Deer Island (BHDI) A Myzilies edells
o Duxbury Bay, Clarks [sland {DBC MA Mycilus edulls
4® Block Island Sound, Block Island (BIBT) Rl Myrilus eduilis
5: Long Island Sound, Hempsiead Harbor (LTHH) MY Miyiliat edulis
6 Hudson/Raritan Estuary, Jamaica Bay (HRIB) NY Myrilus eduliz
e Absecon Inlet, Athantic City (ALAC) M Myilus edulis
2 Delaware Bay, Arnolds Point Shoal (DBAP) LE Crastostred Wrgirnicn
= Chesapeake Bay, Cape Charles (CBCC) VA Crassostres virginica
10 Chesapeake Bay, Calvert EliEgE‘ﬁELj MD Crassostred wirginico
11* Cape Fear, Battery Island (C] 2 NC Crassosirea virginica
12+ Savannah River Estuary, ‘1syboe land (SETT) GA Crastosires virginicd
13 Indian River, Sebastian River (TRSR) FL Crassosirea wirginica
14 Biscayne Bay, Gould’s Canal (BBGC) FL Crassostrea wrginica
15*% Cedar Key, Black Paint (CEKBP) FL Crassostrea wirginica
16* Apalachicaln Bay, Cat Point Bar (APCF) FL Crassosired virginica
17 Barataria Bay, Middle Bank (BEMB) La Crassosirea virginicd
18* Calveston Bay, Hanna Reef (GBHR T Crassostres virginicd
1= Matagorda Bay, East Matagorda TX Crassosirea virginica
West Coast
20° Okceanside, Municipal Beach Jetty (OSH CA Miyeilus eduliy
21 La Joile, Point La Jolla | ; ) CA M;Ens californignus
iz Mewpart Beach, West Jetty W1 CA Myl caltfornionus
i San Pedro Harbaor, Fishing =r(srlg) CA ﬂﬂi&uadum
24 Santa Cruz lland, Fraser Point (SC g CA it californianos
25 San Luis Obispo Bay, Point San Luis (SLSL) CA Mytilus co iinus
26" Pacific Grove, Lovers Point (PGLP) ca Mwtifus califernionus
27+ San Francisco Bay, San Maieo Bridge (SFSM) CA Mty adulis
28* San Francisco Bay, Emeryville (SFE CA Mwtilees ectulis
29+ Farallon Islands, East Landing (FIEL CA Mwilus colifornianus
o Bodega Bay, Bodega Bay Entrance (BBBE) CA Mweilus coliforniams
31+ Humboldt Bay, Beach Jeuy (HMBJ) CA Myrilis coliforniarnus
ki Crescent City, Point 5t. George (3G5G) ca Mytilus californicnus
33 Yaquina Bay, Yaquina Head OR Mywilus caltforninru
34 Columbia River, South Jetty (CRSJ OR Myviilus edulis
5= Grays Harbor, Westport Jetty (GHWI) WA Mysilus californianus
s Whidbey Island, Possession Point (WIPF) WA Mysiles edulis

*Common sites to NOAA NS&T and to EPA Mussel Watch Project (MWP70s).
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(Carter & Moghissi, 1977). In the early 1950s, there
was an active period of atmospheric weapons testing by
the USA, UK, and the former USSR, A maratorium on
fuclear testing was initiated in November 1958 and
ended in September 1961. The pre-moratorium period
was dominated by US weapons testing and the post-
moratorium period was dominated by the former USSR
Weapons testing, From 1966 to 1974, most of the
atmospheric lests were conducted by France in the
Tuamotu Archipelago (Muruma and Fantataufa
Islands) and by the People’s Republic of China (Koide
et al, 1979, 1985), In 1974, France joined the USA and
USSR in conducting only underground tests and. in
1980, the People’s Republic of China is believed to have
followed suit. India detonated its first weapon under-
ground m 1974. Presently, all known nuclear testing is
underground, including the large events recorded in
May 1992 and October 1993 from the People’s
Republic of China (Davis, pers. COMML),

The phase of intense atmospheric nuclear testing
resulted in the injection into the upper atmosphere of a
broad array of fission and fusion products as well as
induced radionuclides and in a global fallout of radio-
nuclides. The longer lived radionuclides (T2 > 2 years)
from this source still persist in the environment.

In 1964, there was an additional input of **Pu to the
atmosphere due to the burn-up of the plutonium-fueled
SNAP-9A . satellite (Mamuro & Matsunami, 1969:
Koide eral, 1977),

The occurrence of the fission product radionuclides
*Pu (T)=14.9 years), ' Am (T, =458 years), **Py
(Ty,=24 400 years), *"Pu (T,,=6580 years), **py
(Tia=86 years), ""Cs (7;,,=30 years), and *Sr
(Ti2=28 years) in the environment is mostly derived
from global fallout associated with this intense period of
atmospheric {esting, including redistribution from
remobilized soil particles (Noshkin & Bowen, 1973:
Olsen er al, 1981ab: Bopp er al, 1982). Nuclear
reactor accidents, such as Chelyabinsk (September
1957) and Chemobyl (April 1986) in the former
USSR, have also released fission products such as ¥'Cs
into the atmosphere. However, because these mputs
were released into the lower atmosphere, their distribu-
tion appears to be localized (i-e. a distance of hundreds
otkm, Méliére er al, 1988; Pyatt & Beaumont, 1992).

Some shorter lived artificial radionuclides, such as
"Ag (T,,,=253 days), *Zn (T1,2=243.6 days), *°Co
(712=53 years), and ®Co (T,,=71.3 days), are
formed by activation in nuclear reactors and can be
released to the environment with nuclear power plant
cooling waters.

K (T,,=128x10° Yyears) oceurs naturally in the
environment, and "Be (T, ,=53.4 days) is formed in the
upper atmosphere by cosmic ray bombardment of
oxygen and nitrogen nuclei. The resulis obtained for
both the “/K and "Be analyses are mostly used here as
reference,

Thsaimufﬂﬂsﬂudyismdammﬂmﬁ]emm
status of radionuclide contamination in the coastal and
estuarine environments of the US and o document the
changes that have occurred in this contamination over
the last 15 years,
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Methods and Results

As for all the other contaminants analysed by the
NS&T programme, each of the 36 samples used to
analyse the radionuclides was a composite of molluses
collected at three stations within a site, Consequently,
the results account for the site variability, The precision
reported for each analysis is based on counting errors
(Table 2).

In order to obtain about 300 g of dry soft tissue,
approximately 180-200 mussels, or at least 125-150
Oysters, were used for each site. Unfortunately, in a few
cases, due to the small size of the molluscs and their
high moisture content, <100 g of dried sample was
recovered, leading to high analytical uncertainties, After
collection, the animals were packed in plastic con-
tainers and frozen on dry ice until shucked for analysis,
The samples were shipped overnight to Texas A&M
University, Geochemical and Environmental Research
Group (GERG) where they were thawed and shucked
and the soft tissues were freeze-dried and weighed. The
dried samples were then shipped in sealed glass
containers to Thermo Analytical Inc, California
Laboratories (TMA/Norcal). At TMA/Norcal, the
samples were redried, reweighed, charred, and ashed a1
425°C. After appropriate radiochemical separation, the
samples were analysed for the various isotopes using a,
B, and y counting techniques (see the Appendix for
analytical details),

Table 2 displays the data obtained for the NOAA
NS&T study. All the results are expressed in Bq g~ (1
Ci=37X10" Bq) of material (dry weight). Along the
US coasts fallout radioisotope concentrations range
from 0.47X107° 10 ~90% 10~ Bq g~' for *' Am (Fig
2), from 1.21 X 107" to 88.4 X 1074 Bq g™ for 29+240py,
from 1.26 %10~ 10 59.2 x 105 Bq g~ for Py, from
17X107™ to 400x107¢ Bq g~' for “'Cs, and from
~16X10™1t0 1994 X 105 Bq g~ for “‘Sr.

The activation products are generally below
detection limits (Table 2), with the following exceptions:
WAg=12X10"* Bq g~ (£15%) at Chesapeake Bay-
Calvert CIiff, **Zn=3.7 X 10~ Bq g' (+ 37%) at Dela-
ware Bay-Amolds Point Shoal and %Zn=().37 X 10~2
Bq g (£75%) at La JollaPoint La Jolla,
#Co=010%10"* Bq g™ (+£90%) at Santa Cruz-
Fraser Point, and *Co=093x 10" Bq g/ (+ 12%) at
Savannah River-Tybee Island.

Finally, concentrations of naturally ocourring 9K
range from 0.4 to 46X 1072 Bq g™', and "Be was only
detected at one site in the Pacific Northwest (site
SGSG=1.5 X102 Bq g~! + 98%)

Interpretation
Geographical distribution of radioactivity in the coastal
LS4

For each radioisotope, geometric average and
median activities were calculated for the whole set of
data (Total) and by coast (East, Gulf, West). Results of
geometric means were generally very close o the
median values that are reported in Table 3.




WaTenes o e g pesE e 200G W) R eoRsEp Em!ult_- e g w “Turpumes g pu oonuiedes (EInnaE 5oy T peaiEigo ssm sy peisdas sy [y
S poTmEe) BEac sog parijeu jea sapdures Sy §
"L ARSI DU O] TR J[FEBAE JIT) SETEISG PEIETTLIED 3G ¥OU {0 Gemaal ] -}
W] LI ) A e 2% L gt |
PN SELAID TN Ay PO A, [0 Ens3y) " ag,

iro Era - EFo ITE - - 11114 13 4] L) E'9l 0zl Bse = > ols oL Ll FiQ ddlm
LTA ) ££0 ca LT i BED L] cLl 6T L G0t e ooz T ¥l U] 1 TEW SLT I (] FAHD
£SD L@ (] P ] ¥ry ERa Lo [y LTl [} ] orL LY Wi L 1 6L1 Fri & ZEd su)
- - - = 9 = = LL Yar = VM = Wi - = s Ll ol LA HAHA
6Er e Lo LLg 75 tEa 58D 61 &'68 (1] £0Z o ol 114 Tl L] a6 & FED D80S
LET ££09 ce &L'D Fars EST a9 ir £ri EL I's1 vl L1 KL ELE pit I'se ol L1 ] THNH
FIE €50 Bl [re ¥l 7o L¥E FE EES L [ el g1l BT o] FEA | v ETE 1] Lol ] TEEn
iFE L] o £e £9°1 fE0 4 £2 £'r9 a1 ¥l 091 EE L1 "t | LS 6 1ED HEIE]
el CED - g g5l = = 4} 6ET g 651 ol FEL - > Lo 1Sy (4 L T4 WE45
§Ce LA oo LY [ % Lt sl Iz £L oL Ix CEE oL s BEL CLT Bt Lo MEAS
Fd ] Elp - oo ELT - - 1E L'ie 0QE FFe > - > 0LE L'ns El L4 4704
i ire are o0'a cip LED L 5t Fel *E [ 7} = - 9El F4 | QLE CEL 1 4y ] 1515
| | ] LAk ] 90ra 65T ILe SL'T oz L | SE TLE et Lol L1 621 FOE Fee & re CE NS
&L'6 o - L Ll = - L By i IT1 MIE b4 — > OLL e L1 L1410 d=Ad5
LIt iy oo EET 9T LT 'y L7A | s Lo (41 Bsl FLT 9kl 6T Ozl Fie I o N
LR o [on L) i 1E°T 111 6L 669 8 oFr Mz L nal 0o 08c FOE 1 LTD rir
¥l oE'a bl £E0 iea LET BLF1 Ll 1l 06 IT1 Mz A A nEl Dt 191 Oit ] 6lo rase
1Ty ma 80D §l'a L 620 FE0 15 9iE I6 BLL [ ] ] ol D&E Tis 9L LLE ot [y | PETEN
L) rra £ £90 E0E SED 9171 oo ETI [ £ERZ an Lt nis 5N 691 FIL 1 ria HHED
e Zl'a £ 1 Yo'l Lan 5o - Y PIEL e ELl L3 iz LR 59T e £l 5T0 it
sop oFa - 174" (L] - - i | §60 £ LE | 05z oy = > LET £y 141 o¥a ddY
re 060 = LD I5°T = = OBE Lal 06 rig rEl L BS — > o5l Fia Iz &0 AEHD
¥l e . wr b 3318 = 3 Lo g £rs UL Loy as1 E9L = > rLl 69 al L) ial |
£ya 0 = asn 61 = - FII BE9 oot L] o9 EES = > 1£9 PLE ol [ Hs4l
3 o - e LT = = e fvN s LE" [UER) TET = > 9¢Z LIl Il oFa LIS
sTa o - LU SOTT g = LSE L Ly 8T L] 8EL ¥ > 0g . £EL rl €50 o
00 oo or'p 590 Ly L )4 1] cEe a9 L¥Y'D LL E5L 6F EC s #E [ F 8 11 [ 4 [ §T0 R
8lr c1'p = i 4 1] & 2 o B1'8 e E6'l 05l oH'E - > posl el ol oFn 309D
- e = [Lirs IYE - " ~ > oo 14 4 0OE [y | > OFL L4 ] Gl FED dvHa
B0 w0 = = L1 - B e 19 | L9 E9r = > = = a5l - 1019 05 CED JYIY
e Log = Wi Fy = A 19T Ty L9z Lird} ([ 1 1oz - > aRt 121 L LT ArdH
1ol koo 1oa It L | o LTE T LTI L9z LT L9T Tl 851 £al okl FlE B EL'g HHI1
LY D L) r glo Lia : = Mt Les 117 FFl M 9T - > aLe L& o1 EE'D 1A
L0 ol Fl'a L) Bea Lo ETL L 6L (43 ¥FLE T -4 | bo7A | 561 aLs &Ll ] T B3R
or'e o Mo §io LLD 550 e o6 rit LL LI 0oE el (L F | ZE6 0LE Bl §E'D 1aun
ElD rZa - Blo S0T = = 6L 59 ik iy a0z EE¥ o > 9LL 9g a1 g 4554
SAdmny ARAng BN Admge, DX =Dl x 157D RFWY L BIX NTFRd L AIX wNIng 01X WTFEY  LBIX  NTIS -0l X %FN -0t x 1¥5N
A3 AT b AT L PR Mgy i IS e
Lo adojos) T 1A RN sdojes]

sorpes pue { | _§ bg) s sdeos)

i AmvL

323




92.5]
74.04
i

665

a7.0

Acthiity, 107" Beg

18.5
1

Fig. 2 Bar chan ing the activity of *Am in B g~'% 107 (on the
vertical axis) displayed 25 8 function of site location (horimonts]
axig) given in 4 geographical order from the north of the East
Cnastmmu%h Gull of Mexico and ending in the Pacific
Northwest. The correspondence between site numbers, site
numes and acronyms is given in Table 1.

As expected for a naturally occurting radionuclide,
*'K concentrations show small spatial variation.

For the activation products and "Be, averages and
medians were not calculated because only a few of the
data points were above the detection limits. In most
cases, several months elapsed between collection time
and analysis of the samples, explaining why "Be
(T;2=53.4 days) and other relatively short-fived radio-
nuclides were rarely measured in our samples, With the
exception of Fraser Point, all the detectable spikes of
shori-lived activation products (Table 2) appear at sites
located close to known nuclear facilites,

For *!'Am, the medians are comparable for samples
collected on both East and Gulf Coasts (7X107° and
6 X107 Bq g7, respectively), but different from the
medians found in bivalves collected dlong the West
Coast (24x10™ Bq g™'). Using the nonparametric
Kruskal-Wallis test, it appears that the difference
between activities of samples collected on the West
Coast and on the other coasts of the US is significant
(P <0.05). Along the Pacific Coast, the activities of this
radionuclide (Fig, 2) display a clear geographic pattern,
with the maximal activity being measured in Northern
California near Point Saint George {CA), In addition to
this general pattern, isolated high values are present in
other locations along the Californian Coast near Point
La Jolla (~70x10~* Bq g™, Santa Cruz Island
(=87X107" Bq g'), Monterey Bay (~68 X 10~ Bq
£7), and the Farallon Islands (- 65X 10 Bg g).

Rkt il e i o l

Activities are fairly variable along the Gulf Coast where
two sites, located near Cedar Key (FL) and Matagorda
Bay (TX), show concentrations as high as ~ 11 and
=32 X107 Bq g™, respectively. Along the East coast,
values are almost uniformly low.

The median of the concentrations reported for
#0+2%Pu (Tables 2 and 3) is lower for the Gulf
(~8X10™° Bg g™') than for the other coasts
(= 11X107* Bq g'). However the Kruskal-Wallis test
shows that the difference is not statistically significant at
the 5% level. Along the Gulf of Mexico, the oysters
collected near Cedar Key (FL) display the highest
activity (~ 88X 107 Bq g™') measured in our data set,
explaining why the average value is so high compared to
the median value, Along the East Coast, several high
values are also observed (Stover Point in Maine,
47X%107% Bq g™'; Duxbury Bay in Massachusetts,
=27X107" Bq g'; Absecon Inlet in New Jersey,
=46 X107 Bq g~'; and Cape Fear in North Carolina,
~29X107° Bq g7"). Along the West Coast, 9+20py
activities are fow, displaying a geographical distribution
similar to what was observed for 2*' Am with a maximum
located in Northern California and high spikes at other
locations of the Californian Coast. In particular, like for
*“!Am, the bivalves collected near Santa Cruz Islind-
Fraser Point (CA) display the highest 2** 2Py activity
(~27X107" Bq g™") on the Pacific Coast.

*®Pu concentrations (Tables 2 and 3y are generally
low on all three coasts (median of all the values |s
=3x10™" Bq g7') and no statistically significant
difference is detected among the means for these coasts,
However, six locations (Jamaica Bay, NY: Savanpah
Estuary, GA; Biscayne Bay, FL; Cedar Key, FL;
Humboldt Bay, CA: and Whidbey Island, WA) show
relatively high concentrations (from =86 up to
=39X10"Bqg™).

Because analysis after radiochemical separation (see
the Appendix) achieves a lower detection limit, only p
counting results are displayed for '*"Cs (Tables 2 and
3). In this case, the values obtained for medians and
averages calculated using the complete data set were
very similar (190 and - 200X 107 Bq g', respect-
ively), On the West Coast, higher concentrations {up to
400x107* Bq g' at Oceanside, CA) are frequently
observed resulting in higher median and average values,
The use of the Kruskal-Wallis test reveals that the West
Coast activities are significantly different from those of
the other coasts (p < 0.05),

About 70% of the values reported for *Sr are below
100%107° Bq g™ (Tables 2 and 3), Along the West

TABLE 3
Bistribution of averages and medians of the radionuclide activitles (% 107* B g™/, except % 1077 Bgg~! for %K),
I‘.IIP“ ]:Ir]npu '"IA-TI'I ‘Sl H'I'c’_ g
Average Average Avernge Average Avernge Average
(SDy  Medinm (3D}  Moedian (82)  Median (3D}  Median (5D) Median (80)  Medinn

Total 611y 3 L5(17) 11 2227 8 180 (360) 51 0011 1en 29(7) 29
Enst L 5 16 {16} 1l 6 (3 7 200250y &7 140 (607 150 - 3l (9) 30
Gulf 14 (25) 3 24{36) & 11 (14) [ 130¢130) T 64 (40) B3 e 32
Waesi I@ 2 12 (8) 11 36031) 24 170470y 50 250100y 270 Z8.(4) 29
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Coast, the geographic distribution of the activities
exhibits a weaker but similar pattern to what has been
observed for *'Am. Only one verv high value was
obtained, near Crescent City-Point Saint George in
California (1994 X 107° Bq g~'). Along the East Coast,
values above 100x10™ Bq g™' are frequent (86% of
the data), reaching 733107 Bq ¢! near Cape Fear
(NC). Along the Gulf Coast, the site located in
Matagorda Bay (TX) displays the highest activity
measured in this area (377 X107 Bq g™"). For *Sr, no
significant difference was observed among the coasts.

[n summary, although the vaniability is very high, the
data suggest that the peographical distribution of the
radioisotopes varies from one coast to the other for a
few radionuclides. In particular, relative to the other US
coasts, the West Coast is characterized by higher
activities of **' Am and V7Cs.

In the central part of the West Coast (Fig. 2),
elevated activities of **! Am were previously observed in
the EPA MWP70s. At that time, it was hypothesized
that the enrichment in fallout radionuclides was related
to the California current and to the associated
upwelling of intermediate waters (Goldberg er al, 1978,
1983; Farrington er al, 1983). In the ocean, americium
and cadmium exhibit a surface depletion and an enrich-
ment at intermediate depths (Volchok er al, 1971;
Livingston er al, 1984). Upwelling of these intermediate
waters (o0 the surface would expose organisms to higher
concentrations of certain radionuclides and cadmium
than are normally found in areas with no upwelling. In
the MWP70s study (Goldberg et al, 1983), and in
previous NS&T studies (O'Connor, 1990, 1992), high
concentrations of cadmium found in the bivalves
collected along the central part of the West Coast could
support the upwelling hypothesis formulated for the
radionuclides.

lsotopic ratos

Isotopic ratios are often used to trace the origin and
fate of isotopes in the environment. In our study as well
as in the EPA MSW70s study, due to the very low
activities measured in the samples, large uncertainties
were reported for some of the radionuclide measure-
ments. Consequently, an even larger uncertainty will be
associated with the ratio of these activities. It is,
however, interesting 10 note that similar observations
can be derived from the data generated in both the EPA
and NOAA swdies. For example, in the 1990 study,
*Am to 2*249Py ratios (Table 2, Figs 3 and 4) are
approximately one order of magnitude lower in samples
from the East and Gulf Coasts (medians=0.38 and
0.28, respectively) than in those from the West Coast
(median = 3; maximum=15). Using the Kruskal-Wallis
test, the differences between the West Coast median
and each of the other coasts (East and the Gulf Coasis)
medians are significant at the 0.05 confidence level.
Previously, in the EPA MSW70s programme {Goldberg
ef al, 1978, 1983; Farrington et al, 1983), a similar
difference between the West Coast {median=1.70;
maximum=6.10 and the East and Gulf coasts
{median=045 and 0.40, respectively) was observed.

These high Pacific ratios could result from a different
fractionation of the two nuclides in the marine
environment (Noshkin & Bowen, 1975). Livingston &
Bowen (1976) have observed that **' Am sinks faster in
the ocean than *¥*¥"Py, and that the *!' Am/2%+#4py
ratio. generally increases in desper waters and
sediments. In the 1970s, the high ratios observed along
the Pacific Coast were explained by the upwelling of
intermediate Pacific waters. Accumulation of **'Am
from the decay of its parent isotope **'Pu (7,,=14.9
years), is also adding *“'Am to the environment.
However, this process should not yvield ! Am /2% *340py
ratios greater than 0.32 before the year 2000
(Livingston er af, 1975, 1984; Livingston & Bowen,
1976). Very low ratios of *! Am/2¥¥* %Py exist at a few
sites along the East and Gulf coasts. For example
(Table 2, Figs 3 and 4), in Massachusetts (near Stover
Point and near Deer Island), the ratio is about .10 and
in Chesapeake Bay (near Calvert Cliff) the rato is only
0.06. As mentioned above, these differences could
merely be due to the large variance in the measure-
ment of the nuclides. However, it is interesting 1o
note that in the EPA MWPT70s study, low ratios were
found in the same locations, Massachusetts and
Chesapeake Bay. In particular, the low ratios observed
in both the NOAA and the EPA swdies in Mas-
sachusetts were associated with high concentrations in
the plutonium isotopes. In the 1970s, it was hypo-
thesized that, in this case, the bivalves could have been
affected by a fresh input of longlived plutonium
coming from the effluents of a near-by nuclear reactor
(Goldberg et al, 1978),

Finally, differences in the isotopic ratios are
observable when comparing the different bivalve
species (Fig. 4). For example, along the East Coast,
Il m‘]‘_'l!l-l- IWPU-, !JHM’I “+!4"P'|.|. P L I“IPMI”C!-,
8/ F7Cs, and ™Sr/*YK ratios are generally lower in
mussels (M. edulis) than in oysters (C. virgirica).
However, the only statistically significant difference is
observed for the 2+ 2Py/*Sr ratio that are lower in
oysters than in mussels, This difference may be
explained by differences in habitat and/or by dif-
ferences in bioaccumulation of the various isotopes by
the two species. The fact that mussels generally live
along the Northeast Coast, attached to hard siliceous
substate, off the sea bottom sediments, whereas oysters
live mostly along the Southeast Coast, directly on the
bottom where they are exposed to a larger load of
particles often rch m carbonates, may explain the
differences observed between the two species. Dif-
ferences are also observed between the two species of
mussels living along the West Coast. For example,
241 Amfd]w-h-ﬂPul 239+11DPU;IJTC51 MET.I"'HI':S. and
YSr/*K ratios are generally lower in M. edulis than in
M. californianus, but this difference is significant only
for the ' Am/?*2¥Py ratios. Here (oo, the difference
berween the two species could be attributed to either a
difference in bicaccumulation capability of the two
species or to a difference in the marine habitat (high-
energy environments located along open coast and in
areas exposed to upwellings, for M. californianus vs
more protected areas for M, edulis),

325



100
10 e ox
[ & BN w
o *
= 1 n & ] |
E 1 l‘ - &‘ - L} .,h
» O b % i
z " ME
= 001 . N
= 000 ——y
) Iiiiiiiﬁﬁii“ﬁ"."iélIéliiiﬁ—rr#iﬁ-l
East Coast Em Elﬂ Coast
ﬂ:} 238+240 Pu/ 13 :r;,
'3
i % n X
2 u.ug_' a T
- : & i e
] - "
g O.ﬂ"l-l - ”.
3 " ME
=< 0.007 + X MC
] a CV
N{}‘

-}
East Comst Gul West Cosst

10
5"
1 2 o &
o ioa AR 6 gl F
. ..- &, o
an 2l | 4 4 = Ca bR ]
.J.‘ L]
= o0
: o
X M
0.001 s CV
A R R
LT ] H
East I:ﬂll:l Efllllf ﬂ.ﬁlg.!“ii
(D) !ukfllrcs
100
10, “
& 3 4 N
E l-! " ¥ al ] u
Z | oig™ " AR
= 3
b+ B ME
0.001 + a4 CV

Fig.3 mmmmmmuqnum(wmmm;

obtained for the NOAA

Beographical order (horizontal axes from the north of the East
Cuul!hmughhﬁuﬂ'nthiuimmﬂmdln;inlhq?uiﬁu

Northwest, The

emporal trends in the radioactivity of the coastal USA
The present study not only makes it possible to
ocument the status of the radioactive contamination in
e coastal waters of the US bur, by comparing the
ssults obtained in this study with the EPA MWPT0s
sults, allows also for trend analysis over the last 15
:ars or 5o, In the absence of major new inputs, the
ncentrations of most of the isotopes would be
:pmwdmdecmuuvurmey:mmmcm:cmmj
wironment as a combined result of: (8) declining
put from the stratosphere: (b) burial in shallow
‘positional sediments: (¢) dispersion, dilution, and
moval to other more remote environmental sinks such
dcepnmnwnmmsedimmts;and{d]ph}rsim
cay. The decrease in input of fallour radionuclides
s been documented in undisturbed sediment cores,
tere the large peak in concentration of fallout radio-
clides associated with the 19505 and early 19605
mb tests declines rapidly in recently deposited
ficial sediments (Noshkin & Bowen, 1973, 1975;
wen ef al, 1981a,b; Bopp e al, 1982). Consequently,

i
:
i
g

when comparing NOAA and EPA data, lower activities
are expected in the 1990 NOAA data,

When comparing rwuseLqufdmantainndh}rnm
different laboratories at two different times (about 15
Years apart), technical differences that obscure the inter-
pretation of the results can be expected. With this in
mind, we have compared our results with those of the
EPA MWP70s in order to see if there are differences in
the concentrations of Hlm 2:m+14upu. 2351"::, and IJTC&
the only radionuclides that were consistently analysed in
both programmes. In general, the MWP70s study
consisted of one analysis per year in each of the three
consecutive years, 1976, 1977, and 1978 (Goldberg er
al, 1978, 1983; Farrington, 1983; Farrington er al,
1983; Palmieri ef af, 1984) whereas our data represent
one analysis for 1990, Consequently, the two sets of data
are not absolutely equivalent. However, by comparing
for each site the mean of the EPA, MWP70s data with the
1990 NS&T data, we were able to test if the results
obtained for the period 1976-1978 are different from
thase obtained in 1990 (Table 4, Fig, 5)
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tween the mid 1970s and 1990, an increase in
Py aetivity (Fig. SA) can be observed. The Sign Test
indicates that this difference between the 1wo studies is
statistically significant (p <0001 ). At several sites, the
1960 *¥Pu results are almost one order of magnitude
greater than the results obtained in the 1970s,
suggesting that this isotope may behave in a different
manner than expected. Because concentrations
reported by bath. EPA and NOAA are extremely low,
very close 1o the detection limits, the precision of the
data is low (the coefficient of variation reaches 300% in
some cases for our results and up to 200% for the
19705 study). This ***Pu increase is believed to be an
artefact due to differences in the analytical technigques
used in the two studies (the early data could be too low
or our data could be too high). Although it is
impossible to verify the results acquired more than 15
years ago, it will be possible to verify our data by
tepeating the survey as soon as possible and by using
replicate analyses. In the meantime, great prudence
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dilference between the mean of EPAS activities (1976, 19

must be exercised when interpreting these data amd new
analyses are necessary to sort out analvtical un-
certainties from real differences.

For “¥*-%Py when companng the averages (Fig
5Cy, a significant decrease has been observed (p <0.1).

In I7 cases out of 28, **'Am is lower in the 1990
study than in the mid 1970s study (Table 4, Fig. 5B).
The Sign Test, however, shows that this difference is not
statistically significant (p < 0.3).

In all the cases, radiocesium (''Cs) activities are also
significantly lower (Fig. 5D) in 1990 than in the mid-
19705 (p<0.01). Between the mid-1970s and 1990,
WCs activities have decreased by up to a factor of 8
(Table 4), reflecting the very rapid burial and the
shorter half-life of "'Cs compared o the other radio-
isotopes (7, ;=30 years for '*'Cs compared with 6580
years for *Pu, 24 400 vears for “*Pu, and 4358 vears
for ** Am).

In summary, except for the **Pu results, it appears
that the radionuclide activities are often lower in 1990
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Lhaninthcmid-l?'?ﬂs.cl:aﬂ}fﬂxhibiﬂngﬂmsnme
decreasing trend observed in most coastal sediments,

Conclusion

Thnmmﬂmﬁhtniuudinﬂﬁsxmdyshnwthatwmc
and "*'Cs concentrations in

; data,

the results obtained for the period 1976-1978, show
that *'Am activities are higher in samples collected
along the West Coast than in bivalves sampled at other
locations. Previous srudies have related this observation
mmelzpurclungufiDMmgdimPaniﬂcwaten
agsociated with thnCalifnminCurr:nt.Inthissmdy.a
fewspikmufacﬁwﬁmpmdumwercdmmdlnthn
vicinity of nuclear power plants. In general, the radio-
nuclide activities measured at the 36 sites studied along
the coasts of the US are low,

Differences in the radionuclide activity of bivalves
mﬂmtc:linthema;tn]US:mbeﬂplah&dbydif—
ferences in fractionation among radionuclides in the
marine environment, by ingrowth of ' Am from 2Py
decay, by local input of radioisotopes associated with

nuclear power plants, and by exposure/bioaccumula-
tion differences observed not only between oysters and

comrients. Fmally, the authors want also to thank Thomas C*Conngr
(NOAA) far reviewing this manuseript and Jaffrey Fritsen {Versar) for
providing reference documentation.
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Appendix: Analytical Method (after
TMA/NORCAL 1991-1992)

Once molluse soft tissues were received by the
analytical laboratory, the samples were redried,
reweighed, classed, and ashed at 425°C. After the
ashing step was completed, the entire sample was
placcdinmdﬂieralﬂﬂudjﬂ:nralﬁnﬂ
petri dish for y counting. The geometries were double-
checked to verify accurate and current calibrations.
Counting was performed with high-resolution, low-

Y spectrometers, High-purity germanium
(HPGe) detectors were used to analyse for "Be, “'K,
Co, MCq, #57n, "Ag, and 'Cs. The typical back-
ground for “Co was abour 0.08 count per minute
(cpm) and for ''Cs, the typical background was about
0.07 cpm. A standard nuclear data peak search routine
(ND6620) was used to identify y emissions, and
ions were done using a TMA/Norcal program,
which was double-checked by the staff. This included:
verifying data inputs (e.g. aliquot, reference time,
geometry, tc.), reviewing the automated peak search
routine, verifying peak subtraction, and double-
checking the peak library to verify that all the isotopes
present in the sample were accounted for.

After y counting, the ashed material was dissolved
and ¥'Am, 23+240p, 8Py, ¥Cs, and YSr were
chemically separated, Techniques used to quantify the
radionuclides of interest are discussed in Wessman er al,
(1971, 1977, 1978). Because of the high sensitivity
needed for the analysis, sequential determination was
performed. A brief discussion of the methods used for
chemical separations and counting follows (afier TMA/
Norcal, 1991, 1992),

After an initial leaching with nitric acid (HNO,) and
hydrogen peroxide, the samples were filtered and the
ﬂ]mrswemashedanddimulmdusinguminumuf
concentrated hydrofluoric acid (HF)+HNO,+ hydro-
chloric acid (HCl). All dissolution fractions were
combined, dried, and dissolved in 8 u HNO.,.

Aliquots (80% of the total solution) were taken,
*Pu and *'Am tracers and a yttrium carner were
added, and the solutions were equilibrated and the
volume of the 8 m HNO, solution reduced,

Plutonium was initially extracted from the sample in
& nitric acid solution on a large-scale AG 1% § anjon
resin column and eluted with HNO,+HF. The eluant
was then further purified on a second small scale nitrate
column of AG 1X 8 anion resin. The purified fraction
was electro-deposited onto a 1 in. stainless-steel dise
and submitted for a spectrometry. Each a spectrum
Wwas obtained from one of the 26 solid-state 450 mm?
surface barrier diodes used by TMA/Norcal. Each
detector utilizes 256 channels in a Nuclear Data ND66
computer controlled multichannel analyser system. The
sample was counted for at least 1000 min with the
spectra collected in 256 channels over the 3.6-7.00
MeV energy region. Energy calibration sources were
counted before and afier the sample to set peak integra-
tion limits. A background measurement and evaluation
pProgramme was maintained for each detector, with
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within the regions integrated for the Spectrometric
analysis. The efficiencies varied from 24 10 339,

Strontium-90 was analysed by isolating the *Y
daughter product (7,,=64 h) and B counting up to five
ﬁmwerapﬂrindntiw:cks.&lmtsqums
regression was used to calculate *"Y at separation and
equilibrium was assumed in the calculation of §r
activity. Chemical purification was performed using
DDCP (n,n-diethyl dicarbamoyl phosphonate) extrac-
tian out of the column load fraction from the initial Pu
column. The yurium was back-extracted into dilute
HNO,. Hydroxide, fluoride and oxalate precipitations
were performed for further purification. A mixed nitric
acid+alcohol anion column was run to separate the
Am species which had been carried with the yttrium to
this point. Further precipitations were performed and
the purified yttrium fraction was mounted on a planchet
s an yttrium oxide (Y,0,), weighed for chemical
recovery, and § counted on a gas flow proportional
detection system. The ytirium planchets mounted for
*Sr analysis had default counting instructions for a 200
min first count. In actuality, the great majority had a
400 min first count. This first count was used in
determining the detection limit. Counts of 100-200 min
were repeated until the count rate dropped below 0.2
counts per minute (cpm) or the count rate became
indistinguishable from the background. The interval of
counting varied from 1 0 3 days. Most samples
received only two or three total B counts since their
activities were low. The § counting is described further
under the cesium section.

Because the y counting of the samples for 'Cs
generally gave values close to or below detection lirnits,
"¥'Cs was analysed by B counting after radiochemical
purification in the 19 samples for which there was
enough material left. In these cases, the remaining
sample aliquot (20% of the original sample) was taken,
cesium carrier added, and the solution adjusted to a pH
of 1.0. The cesium fraction was carried on ammonium
molybdophosphate crystals, dissolved in a basic EDTA
solution, and run through a Biorex-40 cation exchange
column, The dilute HCI eluant was concentrated and
further purified by precipitation of cesium silico-
fungstate and, finally, cesium chloroplatinate, This
precipitate was mounted, weighed for recovery, and
submitted for B counting, Each ''Cs measurement was
performed on one of the 14 low background Geiger
detectors on-line. The backgrounds wers approximately
0.5 cpm and the data from each detector were corrected
for individual differences in detector sensitivity. The
system was directly connected to the PDP 11/84
computer for data acquisition and transfer. The
nominal efficiency for *'Cs, including self-absorption
effects for precipitate thickness, was approximately 35%.

A very strict quality assurance programme (QAP)
was applied during these analyses. In particular all the
chemical separations were performed in a ‘low level
laboratory', which is restricted 1o samples with activity
ranging from zero to a few Becquerels (Bq). In addition,
environmental and ‘zero level’ samples were treated in
dedim[ﬂd modules ingide the law lswal Takaces.—




reserved for this area. In particular, brand-new glass-
ware and Teflon containers were used for this project.
Cross contamination was prevented by segregating the
samples by activity level upon their arrival in the
laboratory,

‘Laboratory Intercomparison Studies Program’ for
various matrices, including a, B, and y emitter isotopes,

were routinely performed. Standards from the National
Institute of Standards and Technology (NIST), the
United Kingdom Atomic Energy Authority (UKAEA),
and others were processed on a routine basis. Finally,
TMA/Norcal had participated in several collaborative
programmes of procedure testing and standardization
of reference material.




